The molecular structures, vibrational frequencies, and corresponding vibrational assignments of 2-amino-3-, 4-, and 5-nitropyridine have been calculated by using ab initio Hartree-Fock (HF) and density functional theory (B3LYP) methods with 6-311++G(d,p) basis set level. The calculated vibrational frequencies and optimized geometric parameters (bond lengths and bond angles) were found to be in well agreement with the experimental data. The comparison of the observed and the calculated results showed that the scaled B3LYP method is superior to the scaled HF method for both the vibrational frequencies and the geometric parameters. For well fitting the calculated and the experimental frequencies we used scale factors obtained from the ratio of the frequency values of the strongest peaks in the calculated and the experimental spectra. These obtained scales seem to cause the better agreement of the gained vibrations to the experimental data.
Introduction
Studying vibrational spectra of substituted pyridines, mainly amino pyridine, has attracted the attention of many spectroscopists due to their wide application in pharmacology and agro-chemistry. Amino pyridines serve as good anesthetic agents. Hence, they are used to prepare drugs for certain brain disease [1] . 2-amino-4-nitropyridine is of interest because its compounds with other chemicals may exhibit valuable physical properties, e. g. ferroelectricity and second harmonic generation. Oszust et al. have analysed the structural and vibrational properties of the 2-amino-4-nitropyridine crystal [2] . 2-amino-5-nitropyridine is a necessary raw material for preparing azocompounds, which are widely used as colouring matter. It has a nitro group as an electron donor and an amino group as an electron acceptor while the pyridine ring acts as a cationic bonding site. Because of this molecular characteristic it has been commonly used as molecular building block of nonlinear optical materials. In order to improve the process of chemical synthesis of 2-amino-5-nitropyridine molecules, some of the thermodynamic properties have been studied in detail [3] . 0932 -0784 / 10 / 0100-0107 $ 06.00 c 2010 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com
In this paper we have calculated the optimized structures, energies, and vibrational spectra of all the title molecules using ab initio Hartree-Fock (HF) and density functional theory (B3LYP) methods with a 6-311++G(d,p) basis set, and compared the calculated results with the experimental data.
Computational Method
The optimized molecular structure, energies, and vibrational frequencies of the molecules have been calculated by using HF and B3LYP methods at 6-311++G(d,p) basis set level. All the computations were performed by using a Gauss-View molecular visualization program [4] and Gaussian 03 package on the personal computer [5] . The scale factors of 0.9051 and 0.9614 were used for HF and B3LYP with 6-311++G (d,p) basis set, respectively [6] .
Results and Discussion
The chemical formula of 2-amino-3-, 4-, and 5-nitropyridine molecules is C 5 H 5 N 3 O 2 and therefore they have 39 normal modes of vibration. All the vibrations are active both in infrared (IR) and Raman (R) spectra. For an N-atomic molecule 2N-3 of all vibrations are in plane and N-3 are out of plane [7] . Thus, for the title molecules, 27 of all possible 39 vibrations are in plane and 12 are out of plane. This has been checked by the visual inspection of the vibrations using a Gauss-View visualization program. The experimental IR and R spectra of 2-amino-3-and 5-nitropyridine have been obtained from the web page of Sigma-Aldrich cooperation [8] and that of 2-amino-4-nitropyridine from [2] . The symmetries of the title molecules belong to the C 1 group instead of the Cs group because the two H atoms of the NH 2 group are slightly out of the molecular plane. The experimental and the calculated vibrational frequencies for all title molecules are given in Table 1 -3. The tables also report the theoretical infrared intensities and the Raman activities. As seen from the tables the calculated vibrational frequencies are in good agreement with the experimental values. Table 4 shows the calculated optimized structure parameters (bond lengths and bond angles). In this table are also given the experimental parameters ob- 
tained by the X-ray structure analysis of 2-amino-4-nitropyridine in [2] . For all the mentioned molecules the correlation factors between the experimental and the calculated data at both levels are listed in Table 5 .
From the correlation values in Table 5 we can say that the calculated vibrational frequencies and the optimized geometric parameters (bond lengths and bond angles) correspond well with the experimental values. The comparison of the calculated and the experimental data at HF and B3LYP level shows that the scaled B3LYP method is superior to the scaled HF method for both the vibrational frequencies and the geometric parameters. The largest differences between calculated geometries and experimental ones are: 0.184Å (HF) compared with 0.198Å (B3LYP) for the bond lengths and 3.30 • (HF) compared with 3.28 • (B3LYP) for the bond angles. The sum of electronic and zero-point energies of all title molecules at HF and B3LYP 6-311++G(d,p) level are given in Table 6 . As seen from the table the energy values of the molecules are very close to each other but those calculated at B3LYP level are lower. The relative energy value between 2-amino-3-nitropyridine and 2-amino-4-nitropyridine is 3.7 kcal/mol (HF) and 3.9 kcal/mol (DFT), respectively, while it is 0.93 kcal/mol (HF) and 0.96 kcal/mol (DFT) between 2-amino-3-nitropyridine and 2-amino-5-nitropyridine. For well fitting the calculated to the experimental frequencies we have also used the scale factors obtained from the ratio of the frequency values of the strongest peaks in the calculated and the experimental IR spectra. These frequencies in the experimental spectra are 1590 cm −1 for 2-amino-3-nitropyridine, 1594 cm −1 for 2-amino-4-nitropyridine, and 1580 cm −1 for 2-amino-3-nitropyridine and those in the calculated spectra are non-scale frequency values corresponding to these experimental frequencies (see Table 1 given in [6] . If we compare our and the reference's scale by means of the % error between the experimental and calculated vibrational frequency values, defined by
where ϖ i are the calculated and experimental frequencies of mode i. We find that the % errors for our scales are lower than those for the reference's scales. All the % error values are given in Table 7 . Thus, we can say that our scales for the title molecules are more reasonable than those of the literature. This comment has also been given for the vibrational analysis of xanthine and its methyl derivatives in our previous study [9] .
Conclusion
The vibrational frequencies, optimized molecular structures, and corresponding vibrational assignments of 2-amino-3-, 4-, and 5-nitropyridine have been calculated using HF and B3LYP methods at 6-311++G(d,p) basis set level. The comparison of the calculated and the experimental results indicates that the B3LYP method is superior to the HF method for both the vibrational frequencies and the geometric parameters. The scale factors obtained from the ratio of the frequency values of the strongest peak in the calculated and the experimental spectra seem to cause the better agreement of the gained vibrations with the experimental data.
